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DESCRIPTION 



POLZ SHING SLURRY FOR CHEMICAL MECHAN ICAL POLISHING^AND. 
METHOD FOR POLISHING SUBSTRATE 



Technical Field 
The present invention relates to a polishing slurry 
for chemical mechanical polishing (CMP) which is used in 
processes for flattening inter layer dielectrics and 
10 achieving shallow trench Isolation among production 

processes of semiconductor devices, and also to a method for 
polishing substrates . 



Background Art 

15 Various microprocessing techniques have been studied 

and developed to enhance packaging density in the field of 
very large scale integrated circuits, and a design rule has 
already reached a sub-half micron order. One of techniques 
which can satisfy these tight microprocessing requirements 

20 is a CMP technique. This technique can perform 

microporocessing in a production process of semiconductor 
devices by completely flattening a layer to be exposed to 
light, and thereby can improve a product yield. Therefore, 
the CMP is a technique needed for flattening inter layer 

25 dielectrics, achieving shallow trench isolation, or the like. 

A local oxidation method of silicon (LOCOS) has 
heretofore been used for isolation in an integrated circuit. 
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More recently, however, it has been replaced with a shallow 
trench isolation method to decrease an isolation width. The 
CMP is an essential technique for the shallow trench 
isolation method to remove a surplus silicon oxide film 
5 formed on a wafer substrate. In order to stop polishing, a 
silicon nitride film is usually formed as a stopper under 
the silicon oxide film. 

In a semiconductor device production process, an 
alkaline (pH: higher than 9) polishing slurry of fumed 

10 silica particles has been widely used for the CMP to flatten 
an insulating film of silicon oxide or the like produced by 
plasma CVD (chemical vapor deposition), low-pressure CVD or 
the like. However, a polishing slurry of silica which keeps 
alkaline to increase a rate of polishing a silicon oxide 

15 film polishes a silicon nitride film as a stopper also at a 
high rate, thereby causing problems, e.g., difficulty in 
uniformly polishing the wafer over the entire surface 
thereof (i.e., difficulty in flattening to a high extent) or 
occurrence of many polish scratches which can adversely 

20 affect electrical characteristics. 

Recently, a polishing slurry of cerium oxide 
(disclosed by, e.g., Japanese Patent Laid-open Publication 
No. 5-326469) has been widely used as a polishing slurry for 
polishing glass surfaces, e.g., photomask and lens surfaces. 

25 The cerium oxide polishing slurry has advantages, i.e., 
polish of an silicon oxide film at a higher rate and 
occurrence of a relatively small number of polish scratches. 
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as compared with a silica polishing slurry. Therefore , 
application of the cerium oxide polishing slurries to 
polishing semiconductors has been studied recently, and some 
of the polishing slurries have been already commercialized 
5 (e.g., Japanese Patent Laid-open Publication No. 9-270402). 

However, there has not yet been developed a cerium 
oxide polishing slurry capable of completely flattening the 
entire surface of a wafer substrate on which various devices 
are assembled substantially without causing the polish 

10 scratches which may deteriorate electrical characteristics. 

It is an object of the present invention to provide 
a CMP polishing slurry capable of flattening a surface to a 
high extent, substantially without causing polish scratches 
which may deteriorate electrical characteristics. It is 

15 another object of the present Invention to provide a 

polishing method which uses the same polishing slurry. 



Disclosure of the Invention 
The present invention is based on a fact that when a 
20 carbon -carbon triple bond of an organic compound having an 
acetylene bond is adsorbed on a surface to be polished, the 
surface can be flattened to a high extent, substantially 
without causing polish scratches which may deteriorate 
electrical characteristics. 
25 That is to say, the present invention covers the 

following aspects (1) to (7). 

(1) A CMP polishing slurry comprising cerium oxide 



particles, an organic compound having an acetylene bond and 
water. 

( 2 ) The CMP polishing slurry of the aspect ( 1 ) , 
wherein the organic compound having the acetylene bond is 
represented by the general formula (I): 

R x -CaC-R 2 (I) 
wherein R 1 is a hydrogen atom or a substituted or 
unsubstituted alkyl group of 1 to 5 carbon atoms; and R 2 is 
a substituted or unsubstituted alkyl group of 4 to 10 carbon 
atoms . 

(3) The CMP polishing slurry of the aspect (1), 
wherein the organic compound having the acetylene bond is 
represented by the general formula (II): 




wherein R 3 to R 6 are each independently a hydrogen atom or a 
substituted or unsubstituted alkyl group of 1 to 5 carbon 
atoms; R 7 and R 8 are each independently a substituted or 
unsubstituted alkylene group of 1 to 5 carbon atoms; and w m" 
and "n" are each independently 0 or a positive number. 

(4) The CMP polishing slurry of any one of the 
aspects (1) to (3) which further contains a water-soluble 
high polymer compound comprising a polymer of a vinyl 
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compound. 

(5) A method for polishing a substrate, wherein the 
substrate on which a film to be polished is formed is 
pressed under pressure against a polishing cloth on a 
5 polishing platen, and the film on the substrate and the 

polishing cloth are relatively moved while the CMP polishing 
slurry of any one of the aspects (1) to (4) is supplied 
between the film and the polishing cloth, thereby polishing 
the film, 

10 (6) A method for polishing a substrate, wherein the 

substrate on which a film to be polished is formed is 
pressed under pressure against a polishing cloth on a 
polishing platen, and the film on the substrate and the 
polishing cloth are relatively moved while a CMP polishing 

15 slurry comprising cerium oxide particles, an organic 

compound having an acetylene bond and water is supplied 
between the film and the polishing cloth and the acetylene 
bond segment of the organic compound is kept adsorbed on the 
film, thereby polishing the film. 

20 (7) The method of the aspect (6) for polishing a 

substrate, wherein the CMP polishing slurry further contains 
a water-soluble high polymer compound comprising a polymer 
of a vinyl compound. 



25 



Best Mode for Carrying out the Invention 
Cerium oxide particles are generally produced by 
oxidation of a cerium compound in the form of a carbonate, a 
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nitrate , a sulfate or an oxalate. The cerium oxide 
particles for polishing silicon oxide films or the like 
produced by a TEOS-CVD method or the like are preferably 
from 5 to 300 nm in crystallite size, though their 
5 production process is not limited. Moreover, since the 
particles are used for polishing substrates in a 
semiconductor device production line, a content of an 
alkaline metal such as sodium ion or potassium ion, a 
halogen or sulfur in the particles is preferably limited to 

10 10 ppm or less. 

In the present invention, a process for producing 
the cerium oxide powder can utilize calcination, oxidation 
with hydrogen peroxide, or the like. A calcining 
temperature is preferably in a rage of 350 to 900° C. 

15 The cerium oxide particles produced by the above 

process are agglomerated, and hence, they are preferably 
mechanically crushed by a dry method using a jet mill or a 
wet method using a planetary bead mill. The jet mill method 
is described in, e.g.. Chemical Industrial Paper Collection, 

20 vol. 6, No. 5 (1980), p. 527 to 532. 

The CMP polishing slurry of the present invention 
may be produced by, for example, adding an organic compound 
described later to a dispersion comprising the cerium oxide 
particles produced by the above method, a dispersant and 

25 water. A concentration of the cerium oxide particles is not 
limited, but it is preferably in a range of 0.5 to 20% by 
weight in the CMP polishing slurry for easy handling of the 
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dlspersant . 

The polishing slurry of the present invention 
preferably contains a dlspersant . The dlspersant preferably 
contains at least one selected from the group consisting of 
5 water-soluble anionic, water-soluble nonionic, water-soluble 
cationic and water-soluble ampholytic dispersants. More 
preferably, it contains 2 or more dispersants. In addition, 
it is preferable that a content of an alkaline metal, a 
halogen or sulfur is limited to 10 ppm or less. 

10 Examples of the water-soluble anionic dispersants 

useful for the present invention Include triethanolamine 
lauryl sulfate, ammonium lauryl sulfate and triethanolamine 
polyoxyethylene alkyl ether sulfate. Anionic dispersants 
selected from the water-soluble high polymers described 

15 later may be also used. 

Examples of the water-soluble nonionic dispersants 
useful for the present invention include polyoxyethylene 
lauryl ether, polyoxyethylene cetyl ether, polyoxyethylene 
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene 

20 higher alcohol ethers, polyoxyethylene octylphenyl ether, 
polyoxyethylene nonylphenyl ether, polyoxyalkylenealkyl 
ethers, polyoxyethylene sorbltan monolaurate, 
polyoxyethylene sorbitan monopalmitate, polyoxyethylene 
sorbltan monostearate, polyoxyethylene sorbitan tristearate, 

25 polyoxyethylene sorbitan monooleate, polyoxyethylene 

sorbitan trioleate, polyoxyethylene sorbit tetraoleate, 
polyethylene glycol monolaurate, polyethylene glycol 
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monostearate, polyethylene glycol distearate, polyethylene 
glycol monooleate, polyoxyethylene alkyl amines, 
polyoxyethylene hydro gena ted caster oil and alkyl alkanol 
amides . 

5 Examples of the water-soluble cationlc dispersants 

useful for the present invention include coconut amine 
acetate and stearyl amine acetate. Examples of the water- 
soluble ampholytic dispersants include lauryl betaine, 
stearyl betaine, lauryl dimethylamlne oxide and 2-alkyl-N- 

10 carboxymethyl-N-hydroxyethyl imidazolinium betaines. 

A content of the dispersant to be added is 
preferably in a range of 0.01 to 2.0 parts by weight with 
respect to 100 parts by weight of the cerium oxide particles 
from the viewpoints of dispersibility and sedimentation 

15 prevention of the particles in the slurry-like polishing 
slurry as well as a relationship between polish scratches 
and the dispersant content . 

The dispersant preferably has a molecular weight of 
100 to 50,000, more preferably 1,000 to 10,000. The CMP 

20 polishing slurry containing the dispersant having a 

molecular weight smaller than 100 may not polish the silicon 
oxide film or the silicon nitride film at a sufficient rate. 
On the other hand, the CMP polishing slurry containing the 
dispersant having a molecular weight larger than 50,000 may 

25 be excessively viscous and tend to deteriorate preservation 
stability of the CMP polishing slurry. 

The cerium oxide particles can be dispersed in water 
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by a homogenlzer , an ultrasonic dispersing machine and a wet 
type ball mill in addition to a usual agitator. 

The cerium oxide particles in the CMP polishing 
slurry thus produced preferably has an average size of 0.01 
5 to 1.0 (ira. The cerium oxide particles having an average 
size below 0.01 nm may decrease a polishing rate, and the 
cerium oxide particles having an average size above 1.0 urn 
tend to damage the polished film. 

In the present invention, an average size of the 

10 cerium oxide particles is determined by a laser diffraction 
type particle size distribution analyzer, and in this case, 
the cerium oxide slurry may be diluted to an adequate 
concentration if necessary. A median value of the 
determined particle diameters is employed as the average 

15 size. 

The organic compounds useful for the present 
invention, which have an acetylene bond, i.e., a triple bond 
that bonds between carbon atoms mutually by three valences , 
are not limited so long as they contain a triple carbon- 

20 carbon bond. More specifically, they preferably include 
compounds represented by the general formula ( I ) : 

R^CbC-R 2 (I) 
wherein R 1 is a hydrogen atom or a substituted or 
unsubstituted alkyl group of 1 to 5 carbon atoms; and R 2 is 

25 a substituted or unsubstituted alkyl group of 4 to 10 carbon 
atoms, and compounds represented by the general formula 
(II): 
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wherein R 3 to R 6 are each independently a hydrogen atom or a 
substituted or unsubstituted alkyl group of 1 to 5 carbon 
atoms; R 7 and R 8 are each independently a substituted or 
5 unsubstituted alkylene group of 1 to 5 carbon atoms; and "m" 
and "n" are each independently 0 or a positive number. In 
the general formula (II), "m" and "n" are generally 
expressed with an average value, and "m + n" is preferably 
in a range of 2 to 20 for the purpose of improving a 
10 flattening capacity of the polishing slurry. These 

compounds may be used singly or in combination of two or 
more . 

Of these compounds, more preferable are l-decyne # 5- 
decyne, 2 , 4 , 7 , 9-tetramethyl-5-decyne-4 # 7-diol and 2,4,7,9- 

15 tetramethyl-5-decyne-4 , 7-diol ethoxylate . 

A concentration of the organic compound having the 
acetylene bond in the CMP polishing slurry is preferably in 
a rage of 0.05 to 5.00% by weight to impart a sufficient 
flattening capacity to the polishing slurry. 

20 It is preferable that the polishing slurry of the 

present invention further contains a water-soluble high 
polymer compound to adjust liquid properties, e.g.. 
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viscosity, pH and surface tension. A water-soluble high 
polymer compound comprising a polymer of a vinyl compound is 
particularly preferable from the viewpoint of improving the 
flattening capacity of the polishing slurry. More 
5 specifically, typical examples of the water-soluble high 
polymer compound comprising the polymer of the vinyl 
compound useful include polyacrylic acid, ammonium 
polyacrylate, amine polyacrylate, polyvinyl acetate, 
polyvinyl Imidazole and polyvinyl pyrrolidone, and among 

10 others, polyvinyl pyrrolidone is more preferable. They may 
be used singly or in combination of two or more. A 
copolymer of vinyl pyrrolidone with at least one compound 
selected from the group consisting of acrylic acid, ammonium 
acrylate, amine acrylate, vinyl acetate and vinyl imidazole 

15 may be also used. 

The water-soluble high polymer compound comprising 
the polymer of the vinyl compound (hereinafter referred to 
as the water-soluble high polymer compound) preferably has a 
weight -average molecular weight of 1,000 to 100,000, more 

20 preferably from 5,000 to 50,000. A concentration of the 
water-soluble high polymer compound in the CMP polishing 
slurry is preferably from 0.05 to 3.0% by weight, more 
preferably from 0.06 to 1.0% by weight, still more 
preferably from 0.07 to 0.5% by weight for the sake of 

25 securing the sufficient flattening capacity of the polishing 
slurry* 

The polishing slurry of the present invention may be 
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further incorporated with an additive to be commonly added 
to the polishing slurries, for example, a colorant such as a 
dye or a pigment, a pH adjustor or a solvent other than 
water, in addition to the components described above, within 
5 a such range as not to impair the function and effect of the 
polishing slurry. 

The polishing slurry of the present invention may be 
of two-liquid type of, e.g., a solution (first liquid) 
containing the organic compound and preferably the water- 

10 soluble high polymer compound, and a slurry (second liquid) 
containing the cerium oxide particles, water and preferably 
a dispersant. They are separately stored and supplied to a 
polishing platen, on which they are mixed with each other. 
Another preparation procedure is mixing them with each other 

15 before the polishing stage (before they are stored or 

immediately before they are used for polishing), and then 
supplying the resultant mixture to the polishing platen. 
Each procedure enables the polishing slurry to provide 
stable polishing characteristics. 

20 The CMP polishing slurry is preferably kept at a pH 

of 3 to 9, more preferably 5 to 8 . 5 . It may have an 
insufficient chemical function at a pH of less than 3 to 
deteriorate its polishing rate. On the other hand, at a pH 
of more than 9, its chemical function is too strong, so that 

25 dishing might occur. The pH of the CMP polishing slurry can 
be adjusted with an acid or an alkali component such as 
ammonia or tetramethyl ammonium hydroxide (TMAH). 
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The polishing method of the present invention is 
characterized by the CMP polishing slurry of the present 
invention which is used for polishing a film formed on a 
substrate. The substrates on which the films to be polished 
5 are formed include those for use in manufacture of 

semiconductor devices . Typical examples of the substrates 
include semiconductor substrates on which at least silicon 
oxide films are formed, such as semiconductor substrates on 
which circuit elements and wiring patterns are formed, and 

10 semiconductor substrates on which circuit elements are 
formed. The films to be polished Include an inorganic 
insulating film such as the silicon oxide film layer, a 
combination of the silicon nitride film layer and the 
silicon oxide film layer, and the like. 

15 The polishing method of the present invention 

presses under pressure a substrate on which a film to be 
polished is formed to a polishing cloth on a polishing 
platen, and produces a relative motion between the film on 
the substrate and polishing cloth while supplying the CMP 

20 polishing slurry of the present invention between them to 

polish the film. Specifically, at least one of the substrate 
and the polishing platen of polishing device may be moved. 
Hereinafter, the polishing method of the present invention 
will be explained in case of the semiconductor substrate. 

25 The semiconductor substrate can be flattened over 

the entire surface, when the silicon oxide or nitride film 
layer formed thereon is polished with the CMP polishing 
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slurry to remove the irregularities on the surface. The 
polishing method of the present invention is also applicable 
to shallow trench isolation. 

The polishing device which can be used here may be 
5 of common type having a polishing platen to which a 

polishing cloth (pad) can be attached and a semiconductor 
substrate holder. The polishing platen may be equipped with 
a motor of variable speed or the like. The polishing cloth 
on the platen is not limited, and may be a common unwoven 

10 fabric, foamed polyurethane # porous fluorine resin or the 
like. The polishing cloth is preferably provided with one 
or more grooves to hold the CMP polishing slurry. The 
polishing conditions are not limited. However, rotational 
speed of the platen is preferably low at 200 rpm or less to 

15 prevent the semiconductor substrate from being run out, and 
pressure (polishing pressure) on the semiconductor substrate 
is preferably around 98 kPa (lkg/cm 2 ) or less to prevent 
polish scratches . The polishing slurry of the present 
invention is continuously supplied in the form of slurry 

20 between the film and polishing cloth by a pump or the like 
while polishing the film. A feed rate of the polishing 
slurry is not limited, but it is preferably supplied in such 
a way to keep the polishing cloth surface covered with the 
polishing slurry. 

25 In order to achieve global flattening for a film to 

be polished (silicon oxide film) with irregularities on the 
surface, it is necessary to selectively remove the convex 
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parts. The CMP polishing slurry of the present invention 
contains the organic compound whose acetylene bond segment 
is adsorbed on the film to be polished. When the film is 
polished with the acetylene bond segment adsorbed thereon, 
5 the convex parts on the surface are selectively removed to 
achieve flattening to a high extent. When the polishing 
slurry further contains the water-soluble high polymer 
compound comprising the polymer of the vinyl compound , 
flattening is more improved. 

10 The polished semiconductor substrate is preferably 

well washed in a flow of water and treated by a spin drier 
or the like to remove water droplets from the substrate 
before being dried. 

The substrate treated by the above procedure to have 

15 flattened shallow trenches is provided with a wiring, e.g., 
of aluminum, on the insulating film layer of silicon oxide, 
and is further treated to have insulating films of silicon 
oxide between and on the wires. Then, it is polished with 
the CMP polishing slurry in a similar manner, to remove 

20 irregularities on the inorganic insulating film surface and 
thereby to have flattened surface over the entire 
semiconductor substrate. A desired number of the layers can 
be provided by repeating the above procedure as desired 
times as required. 

25 The inorganic insulating film to which the polishing 

slurry or polishing method of the present invention is 
applied may be produced by low-pressure CVD, plasma CVD or 
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the like. The low-pressure CVD method for producing a 
silicon oxide film uses monosilane (SiH 4 ) as the Si source 
and oxygen (0 2 ) as the oxygen source. The film is produced 
by the SiH 4 -0 2 oxidation effected at a low temperature of 
5 400° C or lower, where the CVD-produced film may be thermally 
treated at 1000° C or lower in some cases. When it is doped 
with phosphorus (P) for surface-flattening by reflow at high 
temperature, a preferable reaction gas is a mixture of SiH 4 - 
O2-PH3. 

10 The plasma CVD method allows the chemical reaction 

to proceed at low temperature, and has an advantage over the 
common chemical reaction which needs a higher temperature 
under a thermal equilibrium. Plasma is generated by 
capacitive or inductive coupling. The reaction gases 

15 include SiH 4 -N 2 0 with SiH 4 as the Si source and N 2 0 as the 

oxygen source, and tetraethoxysilane (TEOS) -0 2 with TEOS as 
the Si source (for TEOS -plasma CVD). The preferable 
conditions are substrate temperature: 250 to 400° C and 
reaction pressure: 67 to 400Pa. As discussed above, the 

20 silicon oxide film to which the polishing slurry or 

polishing method of the present invention is applied may be 
doped with an element such as phosphorus or boron. 
Similarly, low-pressure CVD for producing the silicon 
nitride film uses dichlorosilane (SiH 2 Cl 2 ) as the Si source 

25 and ammonia (NH 3 ) as the nitrogen source. The film is 

produced by carrying out the SiH 2 Cl 2 -NH 3 system oxidative 
reaction at a high temperature of 900° C. Plasma CVD uses a 
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mixed reaction gas of SiH 4 -NH 3 serving SiH 4 as the Si source 
and NH 3 as the nitrogen source. The substrate is preferably- 
kept at 300 to 400° C. 

The polishing slurry and polishing method of the 
5 present invention are applicable not only to polishing a 

silicon oxide film formed on a semiconductor substrate but 
also to polishing others , including inorganic insulating 
films, e.g., silicon oxide film formed on a wiring board 
having a given wiring, glass and silicon nitride; films 

10 mainly comprising polysilicon, Al, Cu, Ti, TiN, W, Ta or 
TaN; optical glass, e.g., photomask, lens and prism; 
inorganic electroconductive films, e.g., ITO film; glass and 
crystal materials for optical ICs, optical switching devices 
and optical waveguides; edges of optical fibers; optical 

15 single-crystal devices, e.g., scintillators; solid laser 

single-crystal devices; sapphire substrates for blue-color 
LEDs; semiconducting single crystals, e.g., SiC, GaP and 
GaAs ; and glass substrates for magnetic disks and magnetic 
heads . 

20 

EXAMPLES 

Next, the present Invention will be described 
referring to examples and a comparative example, which by no 
means limit the present invention. 
25 Example 1 

(Preparation of cerium oxide slurry) 

Cerium oxide powder was prepared by calcining 2 kg 
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of cerium carbonate hydrate put in an alumina container at 
850* C for 2 hours in air. Then, 1 kg of the thus prepared 
cerium oxide particles, 23 g of an aqueous solution of 
ammonium polyacrylate (40% by weight) and 8,977 g of 
5 deionized water were mixed with each other, and the mixture 
was subjected to supersonic dispersion with stirring for 10 
minutes to prepare a slurry. The resulting slurry was 
filtered through alp filter, and deionized water was then 
added thereto, thereby preparing the slurry containing 

10 cerium oxide at 5.0% by weight. 

(Preparation of CMP polishing slurry) 

1,000 g of the above cerium oxide slurry, 15 g of 
2,4,7,9 - t et ramethyl - 5 - decyne -4,7- diol ethoxylat e ( reagent 
made by Aldrich Co., Ltd., "m + n" in the general formula 

15 (II) is 3.5) as an organic compound having an acetylene bond 
and 1,985 g of water were mixed with each other to prepare a 
CMP polishing slurry containing 0.5% by weight of the 
organic compound having the acetylene bond and 1.67% by 
weight of cerium oxide particles (the polishing slurry is 

20 hereinafter referred to as the CMP polishing slurry (1)). A 
pH of the CMP polishing slurry (1) was 8.4. 

(Polishing of an insulating film layer and a shallow trench 
isolation layer) 

On an Si substrate of 8 inches (20.3 cm) in diameter, 
25 an Al wiring line segment having a line/space width of 0.05 
to 5 mm and a height of 1,000 nm was formed, and a 2,000 nm 
thick silicon oxide film was then formed on the segment by a 
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TEOS -plasma CVD method to prepare an insulating film layer 
pattern wafer. 

This insulating film layer pattern wafer 
(hereinafter referred to as the wafer (1)) was set on a 
5 holder of a polishing device (polishing device made by Ebara 
Corporation: EP0111). The holder was set on a polishing 
platen of the polishing device after it was provided with a 
polishing pad (polishing cloth) of porous urethane resin, 
with the silicon oxide film (insulation film) surface of the 

10 wafer down. 

The insulating film was polished for 3 minutes with 
the thus prepared CMP polishing slurry (1) which was 
supplied between the film and the polishing cloth (platen 
rotational speed: 80 rpm, head rotational speed: 80 rpm, 

15 polishing load: 20 kPa, and polishing slurry supply rate: 
200 mL/minute) . As a result, the polished insulating film 
was highly flattened to such a degree that a difference 
between a convex top and a concave bottom was 40 nm. 

Two types of wafers (2A and 2B) were prepared by 

20 forming a silicon oxide film on an 8 -inch wafer in 

accordance with a plasma CVD method, and by forming a 
silicon nitride film on a wafer having the same diameter in 
accordance with a low-pressure plasma CVD method, 
respectively. 

25 The silicon oxide film on the wafer 2A and the 

silicon nitride film on the wafer 2B were polished with the 
CMP polishing slurry (1) for 1 minute (platen rotational 



- 20 - 



speed: 80 rpm, head rotational speed: 80 rpm, polishing 
load: 20 kPa, and polishing slurry supply rate: 200 
mL/minute). A film thickness was determined before and 
after the polishing by a light interference type film 
5 thickness meter to calculate a polishing rate. As a result, 
the polishing rate of the silicon oxide film on the wafer 
(2A) was 220 nm/minute, and that of the silicon nitride film 
on the wafer (2B) was 52 nm/minute. A polishing rate ratio 
was 4.2. The polished silicon oxide film on the wafer (2A) 

10 was analyzed by the use of a wafer scratch detector 
(Surf scan 6220 made of KLA-Tencor Corporation) and a 
microscope for observing a wafer outer appearance (AL-2000 
made of Olympus Optical Co., Ltd.) to count the number of 
polish scratches of 0.2 \xm or more in size. As a result, it 

15 was 15 scratches/waf er . 

On an 8 -inch Si substrate, there were formed 350 nm 
to 0.1 mm (one side) square convex parts and 400 nm deep 
concave parts to prepare an isolated shallow trench pattern 
wafer having a convex part density of 2 to 40%. The convex 

20 parts were coated with a 100 nm thick silicon nitride film, 
and then, on the silicon nitride film, a 600 nm thick 
silicon oxide film was formed by a TEOS-plasma CVD method 
(hereinafter referred to as the patterned wafer (3)). This 
patterned wafer (3) was polished with the CMP polishing 

25 slurry (1) for 2 minutes (platen rotational speed: 80 rpm, 
head rotational speed: 80 rpm, polishing load: 20 kPa, and 
polishing slurry supply rate: 200 mL/minute). As a result. 
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the patterned wafer (3) was highly flattened to such a 
degree that a difference between a convex top and a concave 
bottom was 40 nm. 
Example 2 

5 (Preparation of CMP polishing slurry) 

750 g of the cerium oxide slurry mentioned in 
Example 1, 50 g of 2 , 4 , 7 , 9-tetramethyl-5-decyne-4 , 7-diol 
ethoxylate (the above-mentioned reagent made by Aldrich Co., 
Ltd.) and 4,200 g of water were mixed with each other to 

10 prepare a CMP polishing slurry containing 1.0% by weight of 
an organic compound having an acetylene bond and 0.75% by 
weight of cerium oxide particles (the polishing slurry is 
hereinafter referred to as the CMP polishing slurry (2)). A 
pH of the CMP polishing slurry (2) was 8.4. 

15 (Polishing of an insulating film layer and a shallow trench 
isolation layer) 

A wafer (1) was polished for 3 minutes with the 
above CMP polishing slurry (2) (polishing device made by 
Ebara Corporation: EPOlll, platen rotational speed: 50 rpm, 

20 head rotational speed: 50 rpm, polishing load: 30 kPa, and 
polishing slurry supply rate: 200 mL/minute). As a result, 
the wafer (1) was highly flattened to such a degree that a 
difference between a convex top and a concave bottom was 40 
nm. 

25 A silicon oxide film and a silicon nitride film of 

wafers (2A, 2B) were polished with the CMP polishing slurry 
(2) under the same conditions as in the case of the wafer 
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(1) except for a polishing time was 1 minute. As a result, 
a polishing rate of the silicon oxide film was 290 nm/minute, 
and that of the silicon nitride film was 68 nm/minute. A 
polishing rate ratio was 4.26. For the polished silicon 
5 oxide film, the number of polish scratches of 0.2 (im or more 
in size was counted in the same manner as in Example 1. As 
a result, it was 15 scratches/wafer. 

The patterned wafer (3) was polished with the CMP 
polishing slurry (2) for 3 minutes under the same conditions 
10 as in the case of the wafer (1). As a result, the patterned 
wafer (3) was highly flattened to such a degree that a 
difference between a convex top and a concave bottom was 50 
nm. 

Example 3 

15 (Preparation of CMP polishing slurry) 

750 g of the cerium oxide slurry mentioned in 
Example 1, 50 g of 2 , 4 , 7 , 9-tetramethyl-5-decyne-4 , 7-diol 
ethoxylate (the above-mentioned reagent made by Aldrich Co., 
Ltd.), 3.75 g of polyvinyl pyrrolidone (Tokyo Kasei Kogyo 

20 Co., Ltd., K 30; weight -average molecular weight: 40,000) 

and 4,196.25 g of deionized water were mixed with each other 
to prepare a CMP polishing slurry containing 1.0% by weight 
of an organic compound having an acetylene bond, 0.75% by 
weight of cerium oxide particles and 0.075% by weight of 

25 polyvinyl pyrrolidone (the polishing slurry is hereinafter 
referred to as the CMP polishing slurry (3)). A pH of the 
CMP polishing slurry (3) was 8.40. 
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(Polishing of an insulating film layer and an shallow trench 
isolation layer) 

A wafer (1) was polished for 3 minutes with the 
above CMP polishing slurry (3) under the same conditions as 
5 in case of the wafer (1) of Example 2. As a result, the 
wafer (1) was highly flattened to such a degree that a 
difference between a convex top and a concave bottom was 20 
nm. 

A silicon oxide film and a silicon nitride film of 

10 wafers (2A, 2B) were polished for 1 minute with the CMP 
polishing slurry (3) under the same conditions as in the 
case of the wafers (2A, 2B) of Example 2. As a result, a 
polishing rate of the silicon oxide film was 50 nra/minute, 
and that of the silicon nitride film was 65 nm/minute. A 

15 polishing rate ratio was 0,77. For the polished silicon 

oxide film, the number of polish scratches of 0.2 p or more 
in size was counted in the same manner as in Example 1 . As 
a result, it was 15 scratches/wafer. 

A patterned wafer (3) was polished with the CMP 

20 polishing slurry (3) under the same conditions as in the 

case of the wafer (3) of Example 2 except that a polishing 
time was 200 seconds. As a result, the patterned wafer (3) 
was highly flattened to such a degree that a difference 
between a convex top and a concave bottom was 10 nra. 

25 Comparative Example 1 

(Preparation of CMP polishing slurry) 

The cerium oxide slurry mentioned in Example 1 was 
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diluted 3 times with deionized water (cerium oxide particles 
concentration: 1.67% by weight) to prepare a CMP polishing 
slurry to which an organic compound mentioned in Example 1 
was not added. A pH of this polishing slurry was 7.0. 
5 (Polishing of an insulating film layer and a shallow trench 
Isolation layer) 

A wafer (1), wafers (2A, 2B) and a patterned wafer 
(3) were polished for 3 minutes, 1 minute and 2 minutes, 
respectively, under the same conditions as in case of 

10 Example 1 except that the above CMP polishing slurry (cerium 
oxide particles: 1.67% by weight) was used. As a result, in 
the polished wafer (1), a difference between a convex top 
and a concave bottom was 150 nm, which indicated that 
flattening properties were noticeably poor. Furthermore, 

15 for a polished silicon oxide film of the wafer (2A), the 
number of polish scratches of 0.2 p or more in size was 
counted in the same manner as in Example 1. As a result, it 
was 30 scratches/wafer. In the polished patterned wafer (3), 
a difference between a convex top and a concave bottom was 

20 150 nm, which indicated that properties were poor. 

Industrial Applicability 
According to a CMP polishing slurry and a polishing 
method of substrates of the present invention, surfaces to 
25 be polished can highly be flattened, and these techniques 
are suitable for a manufacturing process of semiconductor 
devices, for example, shallow trench isolation. In addition. 
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the techniques can highly polish the surfaces of silicon 
oxide insulating films and the like without scratches 
thereon . 



